Abstract Mulberry (Morus alba) is an economically and ecologically important, widespread woody plant. It has served human beings for over hundreds of years, and it is still widely used in pharmaceuticals, food industry and farming nowadays. Using modern techniques, deeper understanding in classification and conservation resources of mulberry leads to higher-efficiency hybrids among populations. Genetic polymorphisms among 42 mulberry genotypes from seven countries over Asia and South America were detected using 17 inter simple sequence repeat (ISSR) primers. A dendrogram was constructed using the similarity matrix among genotypes and a principal component analysis (PCA) was carried out to further identify and cluster the mulberry genotypes. In the 42 genotypes, 175 distinct bands were displayed, among which 169 were polymorphic bands (96.57%). The polymorphic information content of 17 ISSR primers ranged from 0.2921 to 0.3746 with the mean of 0.3494. And Nei's index and Shanon's information index averaged 0.116 and 0.174, respectively, indicating low diversity of mulberry. For further study, cluster analysis and PCA were carried out and the results were similar. 42 genotypes were grouped, showing some hybridized combinations. Additionally, a connection between mulberry diseases and their genotypes was noted, which indicates possible application for ISSR in studying disease resistance of mulberry.
Introduction
Horticultural plants have been an indispensable part of human life for ages. Ever since ancient times, their fruits, seeds, even roots and branches have been used to meet personal and social needs such as severing food, curing diseases and beautifying the planet. One of the most common horticultural plants, mulberry (Morus alba), was first found in Middle China. Because of its high agricultural, medicinal and economic values, it is now cultivated widely. The leaves of mulberry have been used to feed silkworms in China since ancient times, and the fruit is both edible and healthy for human beings (Awasthi et al. 2004) . It may also denote macaque habitats (Enari and Sakamaki 2010) . Additionally, mulberry has been used as a medicine for a long time. Multiple parts of mulberry, including its root, leaf and branch, have been shown to be efficient for treating diseases. In the last decade, many studies showed that Morus has relatively significant effects on chronic diseases, like diabetes, and the nervous system (Yadav and Nade 2007; Yadav et al. 2008; Nakamura et al. 2009 ). Additionally, mulberry has both the anticancer and the anti-inflammatory properties, which act through different pathways (Kollar et al. 2013; Eo et al. 2014; Kwon et al. 2015; Qian et al. 2015) . Some reports have demonstrated the leaf's role in ameliorating obesity-induced reactions, increasing bone density and antiplatelet activity (Ann et al. 2015; Sungkamanee et al. 2014; Kim et al. 2014) . Therefore, it is essential and beneficial for us to improve the production and quality of mulberry. Here, we try to achieve this goal using ISSR primers to identify the genotypes, study the genetic polymorphism and look for hybridized parents.
Inter simple sequence repeats (ISSRs) are commonly used as molecular markers, which combine the advantages of random amplified polymorphic DNAs (RAPDs) and amplified fragment length polymorphisms (AFLPs). ISSRs are based on microsatellite DNAs, which have high levels of mutations in non-coding regions due to replication slippage, and, therefore, these mutations can accumulate and differ between varieties in different populations (Zietkiewicz et al. 1994) . Other than applications to genetic stability and gene variation (Qian et al. 2001; Naz et al. 2016) , ISSRs have higher efficiencies in polymorphism analyses in plants (Nagaoka and Ogihara 1997; Devarumath et al. 2002; Zargar et al. 2016 ). However, AFLPs require known flanking sequence and advanced digestion, respectively. Here, we collected 42 mulberry genotypes from 11 different regions, distributed in Asia and South America. With abundant germplasm resources, we detected their genetic diversity using ISSRs, to determine the differences and similarity in their genomes and provide information for further breeding and hybridization strategies.
Methodology Plant material
The 42 mulberry genotypes of Morus atropurpurea Roxb. used in the present study were collected from seven countries ( Table 1 ). The fresh leaves were stored in 0°C ice water mixture temporarily and after returning to the lab, they were wrapped in tinfoil and transferred to -80°C for long-term storage.
Genomic DNA extraction
Approximately 0.1 g leaf tissue was finely disrupted through bead shaking for 45 s in a 1.5-mL centrifuge tube. The DNAs of these tissues were then isolated using a TaKaRa MiniBEST Plant Genomic DNA Extraction Kit (TaKaRa Biotechnology CO., Dalian, China) and stored at -20°C. The quantity and quality of DNA were estimated by 1.0% agarose (regular agarose G-10, Biowest SAS, Nuaillé, France) gel.
Detection of genetic polymorphisms
Genetic polymorphisms in mulberry were determined using ISSR markers. After testing over 40 ISSR primers, we selected 17 primers that could form clear polymorphic bands for genetic diversity detection.
We amplified ISSR fragments using Applied Biosystems' VeritiTM 96-well thermal cycler in 20 lL reaction system, including 1 lM of selected ISSR primers, 25 ng mulberry genomic DNA, 0.2 mM of each dNTP (GenView Scientific Inc., Jacksonville, Florida, USA), 10 9 Taq buffer (20 mM Mg 2? plus; Beijing Dingguo Changsheng Biotechnology CO. LTD., Beijing, China), 1 U Taq DNA polymerase (Beijing Dingguo Changsheng Biotechnology CO. LTD.). The polymerase chain reaction was initiated at 94°C for 2 min, with 35 rounds of 30 s denaturation at 94°C, 30 s annealing and 45 s We detected genetic diversity in mulberry by agarose gel electrophoresis. The samples were separated in 1.0% agarose (regular agarose G-10, Biowest SAS) gel, stained with 0.5 lg/ml ethidium bromide, containing in 1 9 TAE buffer (0.1 mol/L Tris base, 0.5 mol/L acetic acid, 2 mmol/L EDTA). All bands detected were amplified and screened for at least three times. If results were not identical, more repeated tests were done.
Genetic diversity and cluster analysis
Each amplified band generated by ISSR was scored '1' for its presence and '0' for its absence. Based on observed bands, we calculate the polymorphism information content (PIC) using the formula: PIC ¼ 1ÀRp 2 ij , in which P ij was the gene frequency shown by POPGENE version1. 32 (Yeh and Boyle 1997) . And genetic parameters of the 11 populations, including percentage of polymorphic loci (Pp), the number of alleles observed (Na), effective number of alleles (Ne), Nei's gene diversity (H) and Shanon's information index (I) were calculated using NTSYS-pc version 2.10 (Rohlf 2008).
Cluster analysis was based on a similarity matrix of polymorphic bands, calculated using the UN4 coefficient method. After we constructed the dendrogram using UPGMA by NTSYS program, the genetic distances between different clusters were calculated. Furthermore, a 
Result and discussion

Genetic polymorphism analysis
A total of 17 ISSRs were used to detect polymorphic bands, and 175 bands were identified (Fig. 1) , including 169 (96.6%) polymorphic bands. The number of polymorphic bands per primer ranged from 5 (ISSR 08) to 14 (ISSR 17) with an average of 9.882. The minimum of polymorphic percentages was 83.33% (ISSR 08) with an average of 96.57%. Among 17 primers, 11 of them had the polymorphic percentages of 100%. The PIC was between 0.2921 (ISSR 15) and 0.3746 (ISSR 12) with an average of 0.3494, close to the results in common bean and chrysanthemum (Table 2 ; Kumar et al. 2015; Zargar et al. 2016) . Five genetic parameters were measured (Table 3) . Pp ranged from 31.12 to 75.00 with a mean of 50.05. The average of Na and Ne were 1.328 and 1.196, respectively. Nei's gene diversity is between 0.000 and 0.216 with a mean of 0.116, and Shanon's information index is between 0.000 and 0.333 with a mean of 0.174. All the maximums of these genetic parameters appeared in the population from South China, while the minimum of them appeared in the population from North Korea. Compared to several dicotyledons, including chickpea, sea buckthorn and Jatropha curcas, the values of these parameters were relatively low, revealing the conservation of mulberry in these (Ratnaparkhe et al. 1998; Gupta et al. 2008; Ruan et al. 2009 ). However, among all 42 genotypes, the Pp, Na, Ne, H and I were 96.57, 1.966, 1.386, 0.241 and 0.379, respectively, which were much larger than the ones of the 11 populations. This indicates that despite the low diversity within populations, the genotypes from different populations vary from each other, which can lead to suitable hybridized combinations, improving the quality of mulberry manually.
Cluster analysis
A dendrogram was constructed based on a similarity matrix, ranged from 0.5162 (I3, HB4) to 0.9372 (J4, J5)
with an average of 0.6667 (Fig. 2) . Six major clusters were found, and the genetic distance of the six clusters ranged from 0.0287 (cluster IV and V) to 0.4199 (cluster II and III). Most genotypes from the same region were clustered into the same group, while seven genotypes (GD1 -GD7), coming from South China, were separated in cluster I, II, IV and V, which is a similar result with the analysis of genetic parameters, showing the high diversity of mulberry in South China (Table 4) . Furthermore, similar results were obtained using PCA. Four groups can be distinguished from other genotypes (groups covered in gray) in 2D figures of PCA. Group I was identical to cluster VI, which was also clear in 3D figure of PCA (Fig. 3 and 4) . And group II included cluster I, II, III except H1, which was in group III. Group III and group IV together combined into cluster IV. However, cluster V was not easy to find in the results of PCA.
To sum up, mulberry from these 11 regions has relatively low diversity which limits the chances of hybridization. However, combining the results of cluster analysis and PCA, we noticed that genotypes GD2 and X1 had the largest genetic distances from others, and Nk1, I1 to I4 can be distinguished from other groups easily. All of them can be a good choice for hybridization, improving the cultivation of mulberry.
Additionally, combining the variety information, we noticed that in some clusters, like cluster V, the genotypes were resistant to black wilt disease, while the other clusters showed no resistance. This indicated that there might exist a connection between the mulberry genotype and the resistance level against black wilt disease. In the last decade, the amount of researches on mulberry diseases has increased, but most of them focused on biochemistry and protein expression (Gai et al. 2014a, b) . There have been some researches using ISSR marker to map the resistant genes in chickpea and sea buckthorn (Ratnaparkhe et al. 1998; Ruan et al. 2009 ). We believe that, ISSRs could also be useful in studying mulberry resistance, thereby, improving mulberry breeding and conservation.
